Objective: To assess the effects of birth size, growth and feeding in infancy on serum lipids in 12-month-old infants. Design: A longitudinal observation study on infants' consumption and growth. Food and growth records were made every month. At 6, 9 and 12 months, food records were weighed to calculate intake. Serum total cholesterol (TC), high-density lipoprotein-cholesterol (HDL), low-density lipoprotein (LDL) -cholesterol and triglyceride concentrations were analysed at 12 months. Settings: Birth and growth information was gathered from maternity wards and healthcare centres in Iceland and food consumption data at home. Subjects: Randomly selected newborns (n ¼ 180) according to the mother's domicile and 77% (n ¼ 138) participated, of them 75% (n ¼ 103), came in for blood sampling. Results: Among boys, a 1 kg higher birth weight resulted in a 0.79 mmol/l higher TC (P ¼ 0.005), but nonsignificant after adjustment for growth. Duration of breastfeeding was related to LDL-cholesterol (B ¼ 0.06 70.02, P ¼ 0.020, adj. R 2 ¼ 0.039), adjusting for gender. Independent of size at birth and breastfeeding, increase in length from 6 to 12 months and in weight from birth to 12 months were negatively related to TC (B ¼ À0.45570.156, P ¼ 0.008 and B ¼ À1.08670.474, P ¼ 0.032, respecitvely) in boys. PUFA was the strongest nutrient variable predicting TC (B ¼ 0.332, adj. R 2 ¼ 0.24, P40.001). Cod liver oil consumption increased both TC and LDL-cholesterol in girls (B ¼ 0.14170.051, P ¼ 0.008 and B ¼ 0.11270.047, P ¼ 0.021, respectively). Conclusion: Slower growth of high birth weight infants and breastfeeding contributes to higher TC concentration at the age of 12 months. Nutrient intake in infancy also affects lipid profile. The effect of birth weight, growth and nutrient intake in infancy on lipid profile is different for boys and girls.
Introduction
Atherosclerosis is widely believed to begin in the first years of life (Stary, 1989; Haust, 1990; Berenson et al, 1992) , and high total cholesterol (TC) and triacylglycerol in plasma as well as low high-density lipoprotein (HDL) cholesterol concentration are known risk factors in adulthood for cardiovascular disease (Kannel et al, 1971; Austin, 1999) .
Some authors have suggested that undernutrition in pregnancy could change the metabolism of cholesterol (Barker et al, 1993) . Low birth weight has been linked to raised total serum cholesterol and increased risk of hypertension as well as coronary heart disease in adults (Barker et al, 1993; Ziegler et al, 2000; Gunnarsdottir et al, 2002a, b) . Low birth weight has also been linked to higher triacylglycerol concentration in adults as well as children, aged 11-15 years (Morley et al, 2000) . Investigation is lacking on the effect of birth weight on serum lipids in infants and young children, where growth and dietary intake during the first year is also considered.
It is well documented that breast-fed infants tend to have higher plasma cholesterol concentrations than formula-fed infants (Kallio et al, 1992; Karlsland et al, 1999) . However, breastfeeding has been shown to protect against high cholesterol concentration in adulthood and death from coronary heart disease (Fall et al, 1992) . A new systematic review of the literature showed that breastfeeding is associated with increased mean TC and low density lipoprotein (LDL) levels in infancy but lower levels in adult life (Owen et al, 2002) . This could partly be explained by the effect of early ingestion of a diet rich in cholesterol, leading to high plasma cholesterol, which in animal studies has been suggested to protect against high cholesterol challenges later in life (Reiser and Sidelman, 1972; Reiser et al, 1979; Li et al, 1980) . However, the meaning of cholesterol concentration in early childhood for health in later life is still not clear, and we do not at present know what is the most favourable concentration of plasma lipids during infancy (Karlsland et al, 1999) . Earlier studies have compared the lipid profiles of infants in different countries (Karlsland et al, 1999) , and intracountry comparisons between infants receiving low-fat food and others have been reported (Lapinleimu et al, 1995) . More studies are needed on the effect of nutrient and food intake in infancy on serum lipids, where the intake has been exactly recorded throughout the first year. It is well known that dietary fat and fibres affect serum lipids in adults (Brown et al, 1999; Kromhout, 2001) . The effects of intake of different types of fat and fibres containing foods in infancy need to be studied.
The aim of the present longitudinal, observational study was to assess the effect of size at birth, growth and breastfeeding during the first year of life on serum lipids in 12-month-old infants. Common food items consumed in late infancy, including fat and fibres were analysed for their relation to serum lipids.
Methods

Subjects
A random sample was taken over a period of 20 months of normal, healthy newborns (n ¼ 180) at four different maternity wards around Iceland, distributed by place and date of birth according to the National Statistical Bureau of Iceland. The criteria for participation was singleton birth, a gestational period of 37-41 weeks, birth weight between the 10th and 90th percentile, no birth defects or inborn long-term diseases, Icelandic parents, and mothers receiving early and regular antenatal care. The relation between energy intake and growth in this cohort has previously been published (Atladottir & Thorsdottir, 2000) . Serum lipid values at the age of 12 months were available for 103 infants (75% of possible participants in the present study and 57% of the original sample). The mean birth size, size at 12 months and mean dietary intake was not different between the 103 participants in the present study and the 138 participants in the dietary survey (Atladottir & Thorsdottir, 2000) . Therefore, the infants participating in blood sampling were assumed to be representative for Icelandic infants. The Local Ethical Committee at the LandspitaliFUniversity Hospital in Iceland and the Icelandic Data Protection Commission approved the study.
Growth
Information on the weight, length and ponderal index (kg/ m 3 ) of the infants was used to evaluate body size at birth, at the age of 6 and 12 months, along with the infants' growth during the first year of life. Birth information was gathered from the maternity wards involved in the study, and the participating families' healthcare centres provided the measurements made during infancy and information on growth.
Food records
Food records for the infants were made once a month from birth to the age of 12 months. To assess the validity of the food record method, a control group (n ¼ 70), meeting the same criteria and born on the same days as the participants, was used, and parents got oral and written information about the study as well as an invitation to participate at their children's 8-month birthday, 57 (81%) agreed. Earlier results have shown similarities between the participants and the control group, and that participation did not affect the dietary intake (Atladottir & Thorsdottir, 2000) . The food records, which were completed by the infants' parents or caretakers, covered at least 24 h. Weighed food records covering 48 h at the ages of 6, 9 and 12 months were used to study the amount of food and nutrient intake in relation to blood lipids at 12 months of age. All food ingested was weighed on accurate scales (PHILIPS HR 2385, Austria), and the infants were weighed before and after breastfeeding (Tanita 1581, Japan).
Serum lipids
At the age of 12 months, blood samples were obtained for measuring serum lipid concentrations. Blood samples were taken in the postabsorptive period (at least 3 h after food intake) from the children's antecubital fossa (Bianchi et al, 1997) . Serum cholesterol and triacylglycerol were analysed using an enzymatic colorimetric test (Cholesterol CHOD-PAP, Roche Diagnostics, Mannheim, Germany). HDL-cholesterol was measured using the same method after precipitation and centrifugation. LDL-cholesterol was calculated using the formula of Friedwald et al (1972) which is valid if triglyceride concentration do not exceed 4.52 mmol/l (Rifai et al, 1992) . There were no subjects with triglycerides 44.24 mmol/l.
Calculation and statistical analysis
Weighed food records were analysed on a Comp-Eat Nutrition System (Carlson Bengtson Consultants Ltd, London, UK) with a database including nutrients in Icelandic food and special infant products. Size at birth, growth, energy giving nutrients as well as chosen food items consumed at the age of 6, 9 and 12 months, that is, breast milk, cow's milk (full fat or r1.5% fat), breakfast cereals, oatmeal, butter and cheese and cod liver oil, were analysed in relation to serum lipids. Statistical analyses were performed, using SPSS for Windows version 11.0 (SPSS Inc., Chicago, IL, USA). Mean and standard deviation were used to describe the data. All the parameters used in the analysis were normally distributed. Pearson's correlation was used to assess linear relations between variables and multiple regression analysis were done to evaluate the association of birth weight, growth as well as feeding and other parameters with serum lipid concentration at the age of 12 months. t-Test was used to assess differences between two independent groups. The level of significance was taken as Po0.05. Table 1 shows the characteristics of the subjects.
Results
No significant difference was found between male and female infants in serum lipid concentrations. Boys were heavier and taller than girls in all instances, but ponderal index was not different. Following analysis was performed according to gender.
Size at birth and growth Birth weight was positively associated with TC concentration at the age of 12 months among boys (r ¼ 0.406, P ¼ 0.005), but not girls. Univariate linear regression model showed that for every 1 kg higher birth weight the TC concentration in boys at the age of 12 months increased by 0.79 mmol/l (P ¼ 0.005, adj. R 2 ¼ 0.15). When adjustment was made for the attained weight (absolute in g or as ratio of birth weight) from birth to 12 months the relation was of borderline significance (P ¼ 0.059). Adjustment for the changes in length (cm) or ponderal index (kg/m 3 ) from birth to 12 months resulted in nonsignificant relation between birth weight and TC concentration at the age of 12 months. Table 2 shows a multiple regression analysis including size and growth variables, adjusted for duration of breastfeeding.
Attained weight as a ratio of birth weight (weight gain from birth to 12 months/birth weight) was inversely related to TC concentration at the age of 12 months (Figure 1 ).
Length growth from birth to 12 months of age was not found to be related to serum lipids. However, further analysis showed that length growth from 6 to 12 months was negatively related to cholesterol concentration at the age of 12 months (Figure 2 ).
Infant feeding patterns
A positive relation was found between the duration of breastfeeding (number of months) and LDL-cholesterol (B ¼ 0.0670.02, P ¼ 0.020, adj. R 2 ¼ 0.039), adjusting for Birth weight, growth and feeding in infancy I Thorsdottir et al gender. A further analysis showed that breastfeeding 48months was associated with higher LDL-cholesterol in boys (P ¼ 0.022) but not in girls. The TC concentration tended to be higher in 12-months-old infants who had been breast-fed at the ages of 2, 4, 6, 9 and 12 months, but the difference was not significant. HDL-cholesterol tended to be lower in infants who were breast-fed but was only significantly lower in infants who had been breast-fed at the ages of 4 and 9 months (Po0.05). Triglyceride concentration was not related to breastfeeding.
Food and nutrient intake at the age of 9 and 12 months There was no relation between nutrient and food intake at the age of 6 months and serum lipid concentration at 12 months. Therefore, the results are only presented for the intake at 9 and 12 months. Table 3 shows the energy and macronutrient intake at the age 12 months as well as the average intake at the age of 9 and 12 months. In the Icelandic database, total fat includes glycerols and phospholipids and that explains the difference from total fat when SFA, MUFA and PUFA are added. The independent variables used in the multiple regression analysis were as follows: weight, length and ponderal index at birth, 6 and 12 months, weight growth (absolute and as ratio of birth weight) from birth to 6 and 12 months, length growth from birth to 6 and 12 months, and changes in ponderal index from birth to 6 and 12 months. The quantities used are kg for weight, cm for length and kg/cm 3 for PI. Only the variables reaching statistical significance are given in the table. Adjusted for duration of breastfeeding. Figure 1 Relation between weight growth of boys (n ¼ 38) from birth to 12 months and TC concentration at the age of 12 months (r ¼ À0.360, P ¼ 0.026). One abnormal cholesterol value (7.9 mmol/ l) is not included in the figure, although included in the analysis (if not included, r ¼ À0.452, P ¼ 0.002). Figure 2 Relation between length growth of boys (n ¼ 29) from 6 to 12 months and TC concentration at the age of 12 months (r ¼ À0.445, P ¼ 0.016). One abnormal cholesterol value (7.9 mmol/ l) is not included in the figure although included in the analysis (if not included, r ¼ À0.556, P ¼ 0.002).
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Higher intake of polyunsaturated fatty acids (PUFA) at the age of 9-12 months was associated with higher TC concentrations at the age of 12 months in both boys and girls. Total fat intake at the age of 9-12 months was found to be related to HDL-cholesterol concentration in 12 months old boys. A multivariate regression analysis of energy giving nutrients influencing serum lipids at the age of 12 months is shown in Table 4 .
A multivariate regression analysis was performed to assess the relation between selected food items and the serum lipids. Food items included in the analysis were as follows: breast milk, cow's milk 43% fat, cow's milk r1.5% fat, breakfast cereals, oatmeal, butter and chease and cod liver oil. The analysis showed that cod liver oil consumption at the age of 12 months was universally associated positively with both TC and LDL-cholesterol among girls (B ¼ 0.14170.051, P ¼ 0.008, adj. R 2 ¼ 0.124, and B ¼ 0.11270.047, P ¼ 0.021, adj. R 2 ¼ 0.093). The mean intake of cod liver oil among girls at the age of 12 months was 1.772.0 g/day. Cod liver oil consumption at the age of 9 months was related to HDL-cholesterol in 12-month-old girls (B ¼ 0.04470.021, P ¼ 0.044, adj. R 2 ¼ 0.072). The selected food items did not affect triglyceride concentration in girls and were not found to be related to any of the serum lipids in boys.
Cod liver oil consumption at the age of 12 months correlated positively with PUFA intake in boys and girls (r ¼ 0.317, P ¼ 0.032 and r ¼ 0.607, Po0.001, respectively). The intake of breast milk at the age of 12 months also correlated positively with PUFA (r ¼ 0.216, P ¼ 0.036).
Discussion
The findings of the present study show for the first time that TC at the age of 12 months is positively associated with birth weight. Duration of breastfeeding was related to LDLcholesterol. Multivariate analysis showed that the slower growth of high birth weight and breast-fed infants contributed to the higher TC concentration at the age of 12 months. The serum lipid values of Icelandic 12-month-old infants were found to be similar to that in other studies on the same age group (Kallio et al, 1992; Karlsland Å keson et al, 1999) .
High birth weight has been shown to protect against atherosclerotic lipid profile and coronary heart disease later in life (Barker et al, 1993; Ziegler et al, 2000; Gunnarsdottir et al, 2002b) . The reason is suggested to be because of environmetal factors (Gunnarsdottir et al, 2002b) , but it cannot be excluded that genetic factors are influencing both birth weight and lipid profile. It has previously been shown that high birth weight is associated with slower growth during the first year in Icelandic infants (Atladottir & Thorsdottir, 2000) . Also, breast-fed infants tend to grow slower than formula-fed infants (Atladottir & Thorsdottir, 2000) . The TC concentration at 12 months was inversely The independent variables used in the multiple regression analysis were as follows: total fat, saturated fatty acids (SFA), monounsaturated fatty acids (MUFA), polyunsaturated fatty acids (PUFA), protein and carbohydrates. Only the variables reaching statistical significance are given in the table.
related to the gain in weight and length during infancy. Hence, the lower growth rate of infants with high birth weight contributed to the higher s-cholesterol at the end of infancy.
It is now well documented that breastfeeding is associated with higher cholesterol concentrations in infants (Kallio et al, 1992; Karlsland et al, 1999) , which has been suggested to be attributable to the high cholesterol concentration found in breast milk (Friedman & Goldberg, 1975; Huttunen et al, 1983; Mize et al, 1995) . However, breastfeeding has been shown to be inversely related to adult total and LDLcholesterol (Owen et al, 2002) , and to protect against death from ischaemic heart disease in adulthood (Fall et al, 1992) . TC concentrations have also been found to be lower in adolescents who had been breast-fed more than 6 months compared to those formula-fed or with shorter duration of breastfeeding (Bergström et al, 1995) . The results of the present study show that the higher cholesterol concentration frequently observed in breast-fed infants is not only because of the high cholesterol content of breast milk but also because of decreased growth or weight gain during breastfeeding. Knowing the benefits of high birth weight and breastfeeding, it must be assumed that high cholesterol concentration at the age of 12 months is not likely to lead to adverse outcome and could perhaps contribute to a beneficial lipid profile later in life. Breast-fed infants have been found to have lower fractional synthesis rate of cholesterol than formula-fed infants (Wong et al, 1993; Cruz et al, 1994) . This could be because of slower growth as well as high cholesterol content of breast milk. Cholesterol synthesis might be downregulated in children and adults who had higher birth weight and were breast-fed during infancy. This seems to be explained by slower growth in infancy and therefore lesser need for cholesterol because of growth (Kalen et al, 1989; Butte et al, 1990; Wong et al, 1993) .
Although cholesterol concentration in 1-y-old children has been found to correlate with concentrations at the age of 5, 7 and 11 y (Freedman et al, 1987; Sporik et al, 1991; Kallio et al, 1993) , the cholesterol level in infancy is only moderately predictive of levels later in childhood. In the Bogalusa Heart Study, 37% of children identified as being in the highest 20% of TC quintile persisted in the highest quintile at the age of 7 y (Sporik et al, 1991) . In a study by Kallio et al (1993) cholesterol values determined in children at the age of 12 months were especially predictive of subsequent cholesterol values later in childhood, for children with high serum cholesterol levels.
The positive relation between PUFA intake at 12 months and TC concentration at that age in the present study could be explained by the cholesterol content in cod liver oil (450 mg/100 g) (Daily recommendations in Iceland, 1996) . The intake of cod liver oil was positively related to PUFA consumption as was the breast milk consumption. PUFA has frequently been found to decrease TC in adults (Kromhout, 2001) . In the present study, several factors that are supposed to have beneficial effect on lipid profile in adulthood, that is high birth weight, breastfeeding and high PUFA intake, were found to be associated with high cholesterol concentration in 12-month-old children. The mechanisms behind these effects may be the cholesterol content of breast milk and of PUFA containing foods (cod liver oil) as well as slower growth. It is therefore suggested, in accordance with a recent review paper (Owen et al, 2002) , that cholesterol concentration at the age of 12 months is beneficial for later health, as long as the cholesterol concentration is not extremely high. This would have to be studied further in a follow-up study.
In conclusion, slower growth of high birth weight infants and breastfeeding contribute to higher TC concentration at the age of 12 months. According to multiple regression, cod liver oil consumption was the strongest nutrient variable predicting TC at the age of 12 months in girls. The results of the present study show that the effect of birth weight, growth and nutrient intake in infancy on lipid profile is different for boys and girls. It might be suggested that high cholesterol concentration at 12 months, though within the normal range, is beneficial for later health.
